This study focuses on the effect of process parameters such as Tool rotational speed, Welding speed and Tool tilt angle in Friction stir Lap welding of dissimilar AA 5083 and AA 6082 alloys. Experiments are designed with three different levels of process parameters using Taguchi orthogonal array. As per DOE, experiments are conducted using Taper threaded cylindrical tool which is made up of with H13 tool steel, on Aluminium plates of 3mm thickness. The Tensile shear test specimens are tested at room temperature in order to analyze the mechanical properties. Vicker's hardness is also conducted to check the hardness of welded zone. Multi response characteristics include hardness, shear strength, elongation percentage and peak load are optimized using a multi criteria decision making approach. The optimum values are found at tool rotational speed of 710 rpm, welding speed of 1.5 mm/min and tool tilt angle of 1 degree.
I. INTRODUCTION
Friction stir welding (FSW) [1] is a solid state joining process and melting/solidification related defects of fusion welding are avoided. Since it was invented in early 1990s [1] , FSW has been applied quite widely [2] . Many aspects of FSW have been studied extensively and comprehensively reviewed. The majority of FSW studies have been based on butt joint geometry. Lap joint configuration is also widely used in conventional welding and friction stir lap welding (FSLW) should potentially be applied widely, particularly in automotive and aerospace industries. Fig. 1 illustrates FSLW during which a section of lapping surfaces of the top and bottom plates is stirred and mixed in the stir zone (SZ) thus forming a weld behind the tool.
Figure-1 Friction Stir Lap Welding
From literature gap analysis there is an increasing need to deep research on FSLW. This paper deals with the multi response optimization of FSLW using process parameters such as tool rotational speed, welding speed and tool tilt angle. Experiment was conducted as per Taguchi design and mechanical properties are evaluated by conducting the mechanical tests. Responses are optimized with Deng's similarity based method.
II. EXPERIMENTAL PROCEDURE
All FSLW experiments as shown in figure 1 were conducted using Knee type milling machine FN2V. Sheets of aluminium alloy, AA5083 and AA6082 with dimensions 100 mm long, 150 mm wide and 3 mm thick were selected for lap joint welding. Taper threaded cylindrical tool [9] shown in figure 3 used for this process was made up of with H13 tool steel with a shoulder of 18 mm diameter, pin diameter at the shoulder was 5 mm and pin diameter at pin end was 4 mm and pin length was 5 mm. several literature reviews are available for selection of process parameters, namely tool rotational speed, welding speed and tool tilt angle [8] . Three levels of process parameters were selected and L9 orthogonal array was developed using Taguchi method. AA 5083 plate was placed on retreating side of the weld joint and AA 6082 was placed at advancing side. Friction stir lap welding was done on workpieces as per design of experiments. Tensile shear testing of lap joint has been the major method used for evaluating strength of welds. Test sample of 35 mm wide, perpendicular to the welding direction were machined from the welding plates. Specimens were tested using UTM TUE-C-200. The strength of a lap sample cannot be expressed using the normal load/area, as the stress distribution along the joint area during tensile-shear test is highly uneven. Instead, maximum failure load in a test divided by the width of the sample, F m /ws, is taken as strength. After conducting the tensile shear test the responses such as shear strength, peak load and elongation percentage were noted.
Vicker's hardness test [8] was used to determine the hardness of the welding zone. Hardness specimen of 25 mm wide was prepared and specimen was tested using the machine ASTM E384-11. Load of 500 gram was applied on the specimen. Hardness is measure at three places of weld zone. Mechanical tests responses are noted in the below table 1. 
III. DENG'S SIMILARITY BASED METHOD
Similarity approach presented by (Deng, 2007) , makes use of the ideal solution concept in such a way that the most preferred alternative should have the highest degree of similarity to the PIS and the lowest degree of similarity to the NIS. The overall performance index of each alternative across all criteria is determined based on the combination of these two degrees of similarity measure concepts using alternative gradient and magnitude. Similarity approach presented by (Deng, 2007) , makes use of the ideal solution concept in such a way that the most preferred alternative should have the highest degree of similarity to the PIS and the lowest degree of similarity to the NIS. The overall performance index of each alternative across all criteria is determined based on the combination of these two degrees of similarity measure concepts using alternative gradient and magnitude In this method, the units of all the criteria are eliminated and it has been converted into normalized value. The normalized value (x ij ) is obtained using the equation (1) Step 1: The normalized decision matrix can be found out by determining the normalized value as where max X ij , min X ij are the maximum and minimum values of the criterion (j) respectively. The Standard deviation (SDV) is calculated for every criterion by using below equation
Eq.4
Where X J ′ is the mean of the values of the j th criterion after normalization and j = 1,2,.., n . After calculating for SDV for all criteria, the next step is to determine the weights, W J of all the criteria considered. =
=1
Eq.5 
Table4: Weighted Normalized Value
Step 4: The positive ideal solutions and negative ideal solutions are determined as: Positive ideal solution + = \ , \ ′ \ = 1,2,3 … . . Eq.6 Negative ideal solution − = \ , \ ′ \ = 1,2,3 … . . Eq.7 Where, J is a set of beneficial attributes and J′ is a set of non-beneficial attributes.
Then the positive ideal solutions and negative ideal solutions are determined using (Eq. 6-7 Table 5 Step 5 Degree of conflict between each alternative and positive ideal solution and negative ideal solution can calculated as follow Conflict between the alternative and positive ideal solution can be obtained as
Eq.8
Conflict between the alternative and negative ideal solution can be obtained as:
Eq.9
Here, the value of θ lies between 0° and 90° Table 5 Positive and Negative Ideal Solution
Step 6: The degree of similarity and conflict between the alternatives and positive and negative ideal solution is calculated as: Degree of conflict: Eq.11
The below table 6 and 7 were constructed by using the equations 8-10.
Step 7: The overall performance index for each alternative is calculate as:
Eq.12
Ranking according to Deng's similarity based method 
IV. CONCLUSION
In this work three different parameters and three levels are considered. FSLW of AA5083-AA6082 was conducted. Mechanical properties of joints were evaluated and optimum process parameters were analyzed using Deng's similarity based method. The following conclusions were drawn.  Hardness values of AA5083 and AA6082 show a lower value at the weld than the parent metal.  The Tool rotational speed increase effectively shear strength, elongation load at peak are decreases. The reason behind this is at higher rotational speeds large amount of material flow that causes several defects on the joint.  The optimum process parameters combination such as tool rotational speed of 700 rpm, welding speed of 50 mm/min and tool tilt angle of 1 degree yield higher performance index value  Response values for the optimum level are predicted using regression equations.
